During October 1994, there were 4 outbreaks of disease with mortality in different pig herds in 2 different provinces respectively of Lombardia and Emilia-Romagna regions (North Italy). All animals present in these herds were ''fattening pigs,'' i.e., they were reared for slaughtering at the weight of 180 kg. The 4 pig farms were all located in the Po Valley (North Italy) in an area within a 60-km radius in the provinces of Mantova (Lombardia region, Italy) and Modena (Emilia Romagna region, Italy). The pigs in the 4 outbreaks had identical clinical signs and lesions, and all outbreaks lasted 10-15 days. Clinical signs were observed mainly in swine from 60 to 180 kg body weight. Affected pigs had a temperature of Ͼ41 C for 1-2 days while behaving normally but then gradually lost appetite and became depressed. Recumbency and prostration were evident until death, which usually occurred 2-4 days after the onset of clinical signs. Cutaneous cyanosis occurred predominantly on the ears, snout, neck, and ventral abdomen. Serohemorrhagic fluid was exuded from the nostrils. The morbidity was high (50-60%), and mortality ranged from 10% to 42%. In spite of the use of systemic therapy with antibiotics and antiinflammatory drugs, no clinical improvement was noted at any of the farms.
The 4 farms were different sizes and management type and used different feed suppliers. Outbreak No. 1 was reported on October 7, 1994. The farm was located in the Mantova province (Lombardia region, Italy) and was isolated from other pig farms. It consisted of 2 separated pens. Pigs were fed moist feed mixed with whey, which was placed directly on the floor. Water supply was from a private well. Two dogs and several cats were also present on the farm. A program of rodent control was periodically applied. The management and hygenic conditions were sufficient. Twelve hundred pigs were housed in the first pen. Mature sows and piglets weighing Ͻ70 kg were present. There were 800 fattening pigs weighing from 70 to 180 kg in the second pen. No new pigs had been introduced for 4 months prior to the occurrence of disease. Clinical signs appeared only in the second shed, and morbidity was high (60%). One hundred six animals (13.2%) died in the first week, and about 200 animals (25%) died during a 15-day period.
Outbreak No. 2 was reported on October 25, 1994. The farm was located in Modena province (Emilia-Romagna region, Italy) and consisted of 2,080 fattening pigs originating from 2 different farrowing units. The farm buildings were old equine studs suitably modified for swine production. Husbandry was poor, and numerous other animals including dogs, cats, mice, and rats were free to mingle with the pigs. At least 9 farms of other domestic species (cattle, rabbits, pigs, and poultry) were located nearby (0.5-3.0-km radius). Pigs were fed moist feed mixed with whey, which was placed directly on the floor. Rations were prepared twice weekly by a farm-owned unit. Animals from 80 to 180 kg body were affected. The last introduction of pigs from outside was at the end of August 1994. All the vehicles entering the farm were systematically washed and disinfected. Morbidity was 30% in pigs 80-130 kg body weight and 50% in those 140-180 kg. In a few pigs, severe dyspnea, coughing, and nasal discharge were observed. A total of 810 animals died (40.5%) during a 14-day period. Seventy-five percent of dying pigs were Ͼ100 kg body weight.
Outbreak No. 3 was reported on October 29, 1994. The farm was located in Mantova province (Lombardia region, Italy) and was a small closed unit of 25 sows. The herd consisted of 50 weaned pigs of about 15 kg of body weight, 129 of 15-65 kg, and 166 of 80-180 kg. Two dogs and 8 cats were present on the farm. A dairy herd consisting of 50 cows was adjacent to the farm. The pigs were fed with corn and wheat produced on the farm and supplemented with commercial feed. Water supply was from a private well. Hygenic conditions and management were sufficient. No pigs had been introduced from outside for 9 months prior to the onset of clinical signs. The mortality rate was lower (8.6%) on this farm than in the other farms. Most of the affected animals were 80-180 kg, corresponding to 15.1% of the animals of this age group.
Outbreak No. 4 was also reported on October 29, 1994. The farm was located in Mantova province (Lombardia region, Italy) and was a small closed 15-sow unit. No other domestic animals were intensively reared nearby. Three hunting dogs were housed in a closed pen, and several cats were free to circulate in the farm. Hygenic conditions were poor. No pigs had been introduced from outside for 9 months prior to the onset of clinical signs. When the signs appeared, 75 weaned pigs between 40 and 60 kg body weight, 40 fattening pigs of 60-90 kg, and 40 pigs of 90-160 kg were present. Only animals of Ͼ60 kg of body weight were affected, and 34 of those died (42.5%). Several dead animals, from each of the 4 outbreaks, were referred to the Diagnostic Laboratories of Mantova and Modena of the Istituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia (Italy) for necropsy at different times. External examination of the carcasses revealed cutaneous cyanosis involving the ears, snout, neck, and occasionally the ventral abdomen. Internal gross lesions were generally similar and particularly localized to the lymph nodes and the lungs. The mesentric, gastric, hepatic and mediastinal lymph nodes were enlarged, firm, grayish and diffusely necrotic. Splenic and hepatic congestion was frequently present. In some cases, pale, white, dry foci of necrosis were observed in the liver. Severe edema was evident in the lungs. Pigs of outbreak No. 2 showed respiratory signs, and lesions consisted of serofibrinous pleuropneumonia.
Samples of liver, spleen, lungs, kidneys, lymph nodes, intestine, and brain were taken for bacteriologic and virologic examination. There were no specific pathogens isolated, with the exception of Pasteurella multocida and Actinobacillus pleuropneumoniae from the animals with pleuropneumonia from outbreak No. 2. Because of the high mortality, specific virologic evaluation (direct fluorescent antibody test, isolation on PK15 cell line, and sandwich enzyme-linked immunosorbent assay using monoclonal antibodies binding nonstructural proteins of pestivirus 1 ) was performed to exclude hog cholera virus infection. The results were negative. Other virologic examinations carried out by different methods, i.e., cell culture inoculation, negative staining electron microscopy, and immunoelectron microscopy using an antiserum from recovered animals, were also negative. The toxicologic examination of feed and tissues, particularly for salinomycin, monensin, antibiotics, and carbadox, were negative.
Histologic investigations were carried out on a total of 12 pigs from the 4 farms. These pigs had died spontaneously and were selected for histologic examinations because of minimal autolysis. Samples of lymph nodes, spleen, liver, kidney, lungs, heart, and brain (3 animals/herd) were fixed in 10% buffered formalin, dehydrated, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for histologic examination. The lesions included 1) multifocal hemorrhages in all the organs examined and presence of numerous fibrin thrombi in the microvasculature, considered to represent disseminated intravascular coagulation; 2) focal to diffuse necrotizing lymphadenitis, occasionally with hemorrhage; 3) severe congestion and lymphoid depletion of the spleen, with necrosis of follicular germinal centers; 4) small to large areas of hepatic necrosis and massive infiltration by lymphocytes, plasma cells, macrophages, and a few neutrophils in the periportal areas; 5) pulmonary edema, severe congestion, interstitial pneumonia, and in some cases necrotizing pneumonia with epithelial exfoliation; and 6) lymphocytic meningoencephalitis with disseminated small foci of malacia and perivascular cuffing. There were numerous protozoal cysts in the lungs of 4 animals ( Fig. 1 ) and in the liver of 1 animal.
Immunoperoxidase tests were conducted using a biotinstreptavidin complex method. a Rabbit polyclonal serum against Toxoplasma gondii, b diluted 1:15,000, was used as the primary serum. Negative controls consisted of 1) a non-immune primary antibody (normal mouse serum diluted at 1:20) applied to the suspected samples and 2) the rabbit anti-T. gondii polyclonal serum applied to a Neospora caninumpositive sample.
A positive reaction was detected in several organs including spleen, lymph nodes, liver, heart (Fig. 2) , lungs, and brain. Positively labeled tachyzoites appeared as rare, scattered fine brownish granules in the necrotic areas and in the cytoplasm of various cells. More diffuse immunostaining was evident in the lungs, where most macrophages contained single or aggregated positive tachyzoites. Rare labeled cysts containing bradyzoites were also observed in the lungs.
Pieces (1 mm 3 ) of lymph nodes, spleen, liver, and lungs were fixed in 2.5% glutaraldehyde, c postfixed in 1% osmium tetroxide, c and embedded in epoxy c for ultrastructural examination. Ultrathin sections were stained with lead citrate c and uranyl acetate c and examined with a transmission electron microscope. d Single or small groups of round to oval protozoal microorganisms were observed in cytoplasmic vacuoles of macrophages and in the necrotic debris. The microrganisms were more frequently found in the lymph nodes ( Fig. 3) , lungs, and spleen. Protozoal cells were 1.5-2.5 m and were surrounded by a double membrane. The protozoal nuclei were usually round, and the cytoplasm contained a few round, small mitochondria, rough endoplasmic reticulum, various lysosomes, and numerous ribosomes. In some cases, a polar ring complex was also observed.
The almost simultaneous appearance of 4 outbreaks of swine disease in a limited area and the similarity of the course of the disease and lesions prompted the hypothesis of an infectious etiology. The first diagnostic evaluations were performed to exclude the most frequent infectious diseases of swine, including hog cholera. Bacteriologic, virologic, and toxicologic investigations were negative. The histologic examination revealed protozoal microrganisms in the organs of animals from the 4 outbreaks. The protozoal morphology was suggestive of either Toxoplasma or Neospora. 4 Immunoperoxidase methods, using specific anti-T. gondii serum, was used to identify T. gondii in the formalin-fixed tissues. The same serum failed to detect N. caninum in a positive bovine heart sample, thus confirming its antigenic specificity and the lack of cross-reaction between the two protozoa. 4 The electron microscopic examination revealed numerous parasites in association with severe lesions. The final diagnosis was toxoplasmosis.
Toxoplasmosis in swine has a worldwide distribution, and serologic surveys indicate that T. gondii commonly infects swine 2 ; however, few clinical cases of toxoplasmosis have been reported. 3 The majority of the infections are subclinal or latent. 2, 3 Seropositive slaughter pigs have also been found on pig farms in the Po valley (North Italy), 6, 9 the same region where the outbreaks described here occurred. The clinical and pathologic features of the outbreaks observed here overlap with those already reported. 2, 3, 8, 10 Toxoplasmosis was not initially suspected, and therefore, a detailed epidemiologic survey to determine the origin of such infection has not been carried out and the surviving pigs from the 4 herds have not been examined for seroconversion.
The origin of this infection remains unknown. Pigs may acquire the infection by ingesting T. gondii oocysts in contaminated feed or water, by ingesting tissue cysts in infected rodent tissues, 10 or by cannibalism. 7 Because all of the 4 outbreaks occurred almost simultaneously in a relatively wide area, they could have had a common origin. However, the epidemiologic data available cannot confirm such a hypothesis. The 4 pig farms did not have any common feed sources or exchange of animals, and different people (animal dealers and veterinarians) had visited the farms in the days prior to outbreaks. The only common finding among the farms was the commercial company used to remove the carcasses of dead pigs. As reported previously, 7 cats are frequently the source of T. gondii oocysts for pigs. The presence of cats was reported on at least 3 of the affected farms, and these cats could have been the origin of infection. Finally, reactivation of latent infections due to immunosuppressant causes cannot be excluded.
The morbidity and mortality observed in the 4 outbreaks were very high. At least 3 possible conditions could explain this observation: 1) the pigs ingested a very high number of cysts; 2) the strain of T. gondii was particularly pathogenic; and 3) other unknown causes or unidentified agents contributed to increase the mortality rate either as a primary effect or by causing immunosupression.
